Circular RNAs (circRNAs) are novel non-coding RNAs that have important roles in tumor progression. This study aimed to measure the levels of hsa_circ_0000885 in serum samples and tumor tissue from patients with osteosarcoma compared with controls and to evaluate the findings with disease-free survival and overall survival.
Background
Osteosarcoma (OS) is the most common primary bone tumor in children and adolescents and is characterized by early metastasis and rapid progression, which results in a high mortality rate [1, 2] . Despite improvements in radiotherapy, adjuvant chemotherapy and surgery, due to the aggressive behavior of osteosarcoma, the overall survival rate remains poor [3] [4] [5] . The behavior and progression of osteosarcoma is a complex process that involves molecular and epigenetic changes [6] . Therefore, the identification of new biomarkers and the molecular mechanisms involved in osteosarcoma tumorigenesis and progression are needed.
With the development of high-throughput sequencing technology, several non-coding RNAs had recently been identified [7] . Circular RNA (circRNA) is a novel RNA that is formed by a covalently closed loop and lacks the ability for protein encoding, which is more stable than corresponding linear mRNAs, and plays important roles in oncogenesis and tumor progression [8] [9] [10] . The circRNA, hsa_circ_001569, has been reported to be expressed at high levels in colorectal cancer, and act as a sponge for the microRNA, miR 145, that targets the E2F5, BAG4, and FMNL2 genes to promote the progression of colorectal cancer [11] . Also, hsa_circ_0001649, hsa_circ_0000190, and hsa_ circ_0013958 have been identified as potential prognostic biomarkers in hepatocellular carcinoma [12] , gastric cancer [13] , and adenocarcinoma of the lung [14] , respectively. These findings indicate that circRNAs might be promising candidates as new diagnostic or prognostic biomarkers in malignancy.
Therefore, this study aimed to measure the levels of hsa_ circ_0000885 in serum samples and tumor tissue from patients with osteosarcoma compared with controls and to evaluate the findings with disease-free survival and overall survival.
Material and Methods

Patients and specimens
This study was approved by the Ethics Committee of The Affiliated Hospital of Qingdao University and conformed to the Ethical Guidelines of the Declaration of Helsinki. Written informed consent was obtained from all the participants. A total of 50 pairs of osteosarcoma tissues and their matched adjacent normal tissue were obtained from patients who underwent the same chemotherapy regimen before surgery and underwent complete resection surgery at the Department of Orthopedics of the Affiliated Hospital of Qingdao University. Blood samples from 30 patients with osteosarcoma before and after chemotherapy, 25 patients with osteosarcoma before and after surgery, 27 patients with benign bone tumors (13 patients with giant cell tumor of bone, 14 patients with fibrous dysplasia), and 25 age-matched and sex-matched healthy controls were collected. The clinical and pathological features of the patients with osteosarcoma are shown in Table 1 .
Circular RNA sequencing
Total RNA was extracted from four osteosarcoma tissues and four adjacent normal tissues by TRIzol (Invitrogen, Carlsbad, CA, USA). RNAs were digested with RNase R (Epicentre Technologies, Madison, WI, USA) to remove the linear RNAs and enrich the circular configuration. The sequencing analysis was performed on an Illumina HiSeq 2000 Platform (Illumina, San Diego, CA, USA). The sequencing results were analyzed with Cluster 3.0 software (University of Tokyo, Human Genome Center).
Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Quantitative real-time polymerase chain reaction (qRT-PCR) was used to detect the hsa_circ_0000885 expression using a SYBR green kit (Takara Japan, Minato-ku, Tokyo, Japan). The expression of hsa_circ_0000885 was normalized to GAPDH expression. The primers used included: hsa_circ_0000885, Forward: 3'-ACTGCCAGAAAGTGTGTCCC-5'; hsa_circ_0000885, Reverse: 3'-CGGGCCTCGTTTTGAACATC-5'; GAPDH, Forward: 5'-AATGGGCAGCCGTTAGGAAA-3'; GAPDH, Reverse: 5'-TGAAGGGGTCATTGATGGCA-3'.
The results were analyzed using the 2 -DDCT method and compared using paired Student's t-tests.
Statistical analysis
Data were analyzed using SPSS version 18.0 software (SPSS, Chicago, IL, USA). Data were presented as the mean ± standard deviation (SD). Statistical significance was analyzed by the Student's t-test or the chi-squared (c 2 ) test. Progression-free survival and overall survival were analyzed by Kaplan-Meier survival analysis. Receiver operating characteristic (ROC) curves were used to investigate the efficiency of as hsa_circ_001569 as a biomarker. P<0.05 was considered as statistically significant.
Results
Circular RNA (circRNA), hsa_circ_0000885, expression was upregulated in osteosarcoma tissues Circular RNA sequencing was performed to detect the circRNA profile in ostesarcoma tissues and adjacent non-tumor tissues. Results showed that there were 12 upregulated circRNAs and 1500 seven downregulated circRNAs with fold-changes >2.0 and P-values <0.05 between the osteosarcoma tissues and adjacent non-tumor tissues ( Figure 1A ). Then, quantitative realtime polymerase chain reaction (qRT-PCR) analysis performed in osteosarcoma tissues and adjacent non-tumor tissues confirmed that hsa_circ_0000885 expression was upregulated in osteosarcoma tissues, which supported the findings from the circRNA profile ( Figure 1B ,1C) .
High hsa_circ_0000885 expression was correlated with poor clinical prognosis
The hsa_circ_0000885 expression levels were divided into low hsa_circ_0000885 expression or high hsa_circ_0000885 expression, based on the median expression level. Analysis of the correlation between clinicopathological variables and hsa_ circ_0000885 showed that hsa_circ_0000885 expression was increased in patients with Enneking stage IIB or III osteosarcoma in patients with lung metastasis (Table 1) . Kaplan-Meier survival analysis also showed that patients with high levels of hsa_circ_0000885 had reduced disease-free survival and overall survival rates (Figure 2A, 2B) . The Cox proportional hazards regression model showed that hsa_circ_0000885 was an independent prognostic factor for overall survival but not for disease-free survival (Table 2) .
hsa_circ_0000885 was upregulated in the serum of patients with osteosarcoma Serum samples from 30 patients with osteosarcoma, 27 patients with benign bone tumors and 25 age-matched and sexmatched healthy controls were studied. The result showed that levels of hsa_circ_0000885 expression were increased in the serum of patients with osteosarcoma when compared with patients with benign bone tumors or healthy controls ( Figure 3A) . Serum levels of hsa_circ_0000885 were also increased in patients with osteosarcoma who had Enneking stage IIB and III and patients with lung metastases (Figure 3B, 3C) . Also, the OS -osteosarcoma; ALP -alkaline phosphatase; hsa_circ_0000885 expression high/low -the expression of hsa_circ_0000885 in osteosarcoma tissue was higher/lower than the median.
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expression level of hsa_circ_0000885 significantly decreased following chemotherapy or following surgery ( Figure 3D, 3E) . The receiver operating characteristic (ROC) curve was used to estimate the diagnostic value of serum hsa_circ_0000885 levels in distinguishing between patients with osteosarcoma and healthy individuals ( Figure 3F ). ROC curve analysis showed that serum levels of hsa_circ_0000885 also distinguished specifically between patients with osteosarcoma and benign 
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bone tumors ( Figure 3G ). These results suggested that hsa_ circ_0000885 could act as a good diagnostic biomarker in OS.
Discussion
Recently, several functional circular RNAs (circRNAs) have been discovered and studied in human disease, including malignancy [15] . Some circRNAs have been reported to be dysregulated and serve as tumor suppressors or tumor promoters in several tumors, including osteosarcoma [16] [17] [18] . The findings of the present study showed that expression of the novel circRNA, hsa_circ_0000885, was upregulated in osteosarcoma by circular RNA sequencing and verified using quantitative realtime polymerase chain reaction (qRT-PCR). Also, increased expression of hsa_circ_0000885 was correlated with Enneking stage and with the presence of lung metastasis. Survival analysis showed that hsa_circ_0000885 expression was also correlated with disease-free survival and overall survival rates of patients with osteosarcoma and that hsa_circ_0000885 was an independent prognostic factor for overall survival.
Aberrant levels of some circRNAs in the serum from patients with malignancy, including osteosarcoma, has been previously reported [19] [20] [21] . For example, hsa_circ_0081001 was upregulated in osteosarcoma cell lines, tissue, and serum, and was shown to be correlated with poor prognosis, possible as a more sensitive biomarker than alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) in patients with osteosarcoma [19] . In patients with hepatocellular carcinoma (HCC), the area under the receiver operating characteristic curve (AUC-ROC) of 0.973 for circRNA_104075 was shown to be a new diagnostic biomarker with a sensitivity of 96.0% and a specificity of 98.3% [20] . CircPRMT5 was shown to promote epithelial-mesenchymal transition (EMT) in urothelial carcinoma cells and might have potential, as a prognostic biomarker and therapeutic target for patients with urothelial carcinoma of the bladder [21] .
The findings of the present study showed that hsa_circ_0000885 expression levels were significantly increased in the serum from patients with osteosarcoma when compared with patients with benign bone tumors and with healthy controls. Also, hsa_ circ_0000885 expression was significantly increased in osteosarcoma tissue when compared with normal adjacent tissue. Serum levels of hsa_circ_0000885 significantly decreased following chemotherapy and surgery. Serum hsa_circ_0000885 expression levels were also relatively increased in patients with osteosarcoma with Enneking stage IIB or III tumors and in patients with lung metastasis. ROC curve suggested that hsa_ circ_0000885 may act as a good diagnostic biomarker for OS.
Conclusions
Hsa_circ_0000885 was upregulated in osteosarcoma, and it could serve as a good prognostic biomarker indicating poor clinical outcomes of osteosarcoma. Hsa_circ_0000885 was upregulated in serum of osteosarcoma patients and could serve as a good diagnostic biomarker for osteosarcoma. Table 2 . Factors influencing the disease-free survival (DFS) and overall survival (OS) in patients with osteosarcoma.
OS -osteosarcoma; ALP -alkaline phosphatase; hsa_circ_0000885 expression high/low -the expression of hsa_circ_0000885 in osteosarcoma tissue was higher/lower than the median. 
